Recent experiments have shown that the sidebands and the close-in noise in a microwave oven magnetron may be virtually eliminated by the addition of an azimuthally varying axial magnetic field [ 13. Not only the low noise behavior was observed, but also the startup was found to be substantially hastened when the number of the perturbing magnets equals the number of electron spokes in the operating mode (usually the a-mode) of the magnetron. The starting current was also observed to be one order of magnitude lower. In this paper, we show that this rapid startup is a result of "magnetic priming", which is achieved by imposing n = N/2 azimuthal variations in the axial magnetic field in an N-cavity magnetron that operates in the a mode [2,3].
Magnetic priming leads to rapid electron-prebunching. To show this, we use a twodimensional (2-D) MAGIC simulation on the well-studied Bekefi-Palevsky six-cavity magnetron (A-6), and impose an azimuthally-varying axial magnetic field of the general form:
where Bo is the mean axial magnetic field, a is the magnitude of the maximum azimuthal variation (a-variation) of the axial magnetic field (in fraction of the mean magnetic field) in the n-fold symmetry, and p is the angular position of the mean magnetic field with respect to a cavity [2] . The parameters in Eq. (1) for this example are: Bo = 7.2 kG, n = 3, a = 0 (base case, without magnetic priming) and a = 0.3, p = 0 and d3. The electron beam voltage (-350 kV) of the magnetron used in these simulations is similar to those of the high-power magnetron experiments underway at the University of Michigan. . 3), the electrons have clearly begun to form 3 bunches, the desired number of bunches for pi-mode operation in a 6 vane magnetron. Note that the formation of these 3 electron bunches is due solely to the 3-fold azimuthal symmetry in the external axial magnetic field, long before the pi-mode is excited. Figure 2 illustrates the electron positions for the magnetron at a time (5.368 ns) when bunching has begun in the unperturbed magnetic field case [ Fig. 2a ]. In the perturbed magnetic field case [ Fig. 2b ], the electron spokes are fully developed and extend well into the magnetron cavities; it is expected that microwave oscillation would begin to develop at this time. Magnetic priming is found to be equally effective for p = 0 and p = a/3. An analysis of the single particle orbit in a crossed-field diode model with magnetic priming confirms that the electron bunches are immediately formed, in less than one cycloidal orbit. A parametric instability is discovered, which brings the electrons toward the anode even in the absence of the rf electric field. Simulations using the 3D ICEPIC code for a 10 vane strapped oven magnetron show quantitative agreement with experiments. This research was supported by AFOSR and DUST (S&T) under the innovative Microwave Vacuum Electronics MURI Program managed by AFOSR under Grant F49620-99-1-1297. We also appreciate AFOSR support of the MAGIC Users Group Administered by Mission Research Corp.
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